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@ Photo-solidified object having unsolidified liquid ejecting ports and method of fabricating the same. 



(g) A superficial model with an inner reinforcing 
structure having communication ports formed 
for communication among cells defined by ribs 
constructing a honeycomb structure. For this 
purpose, a process of temporarily stopping light 
exposure is added in a light exposure process 
for modeling ribs. Alternatively, a process of 
offsetting phases of ribs is added in the light 
exposure process for modeling ribs. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to improvement in 
a photo-solidification modeling method and a photo- 
solidified object fabricated by the method. 

2. Description of the Prior Art 

There has been proposed a photo-solidification 
modeling method for embodying a three-dimensional 
shape which is defined by a three-dimensional data 
designed by a three-dimensional CAD or the like. The 
photo-solidification modeling method is useful for em- 
bodying the three-dimensional shape which is de- 
fined in data but not embodied yet in an actual shape. 
The summary of the photo-solidification modeling 
method is disclosed in Rev. Sci. Instrum. Vol. 52(11) 
Nov. 1981, p.1 770-1773. 

In order to reduce the required time of the photo- 
solidification modeling method or to use the solidified 
method as a casting model, there has been proposed 
an improved technique of fabricating a hollow object 
(which may be referred to as a superficial model) by 
exposing a liquid photo-solidifying resin to a light only 
at a region corresponding to a desired contour or out- 
er surface of a desired shape. In order to increase the 
strength of the superficial model or prevent distortion 
thereof, there has been also proposed a technique of 
fabricating a solidified object having a superficial skin 
with a honeycomb structure formed therein. These 
improved techniques are disclosed in Japanese Laid- 
Open Patent Publication No. 4-11 8222 filed by the as- 
signee of the present invention. 

The technique disclosed in the above prior art 
publication uses a control system in which the space 
within the contour is spacedly exposed to a light so 
as to form a lattice of ribs within the superficial model. 

When such a honeycomb structure is formed 
within the superficial model in accordance with the 
prior art, the space in the model is divided into a plur- 
ality of cells by the lattice of ribs of the honeycomb 
structure. When the ribs are arranged in a lattice, for 
example, in section taken in an X-Y plane of a three 
dimensional space (herein defined by X, Y and Z), ex- 
tending uniformly in the 2 direction, each of the cells 
defined by the ribs is of a square prism. Alternatively, 
if the ribs are arranged in a honeycomb in section tak- 
en in the X-Y plane, extending uniformly in the Z di- 
rection, each of the cells defined by the ribs is of a 
hexagonal prism. Further, if the ribs are arranged in 
a lattice in a section taken in any of the X-Y, Y-Z and 
Z-Y planes, each of the cells defined by the ribs is cu- 
bic. 

Thus, the superficial model is reinforced by the 
ribs from inside thereof, assuring provision of a strong 
object with little distortion. Furthermore, the object of 



this construction is effective to reduce the fabricating 
time and the amount of a resin used for modeling in 
comparison with a solid model. 

Though the superficial model with a honeycomb 

5 structure formed therein is advaUfcgeous as descri- 
bed above, it is accompanied with a problem that, as 
there is no communication among the cells defined 
by the ribs, the unsolidified liquid in the cells is con- 
fined therein and difficult to be ejected therefrom. In 

10 the known technique, such unsolidified liquid in the 
cells is individually ejected through small holes 
formed in the outer surfaces defining the respective 
cells, which requires a troublesome work and which 
is not so effective as to satisfactorily eject such unso- 

15 lidified liquid. As the result, the amount of the resin 
used for modeling cannot be reduced so much as ex- 
pected, and the unsolidified liquid not ejected from 
the cells will have an adverse effect when the solidi- 
fied object is used as a casting model. 

20 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a photo-solidified object in which unsolidified liquid 

25 can be readily ejected from each of cells defined in a 
superficial model with a honeycomb structure formed 
therein and a method of fabricating the same. 

According to the present invention, there is pro- 
vided a photo-solidified object having unsolidified liq- 

30 uid ejecting ports, the photo-solidified object includ- 
ing an outer surface corresponding to a contour and 
a honeycomb structure supporting the outer surface 
from inside thereof, the outer surface and the honey- 
comb structure being integrally formed of a photo-sol- 

35 idrfying resin, characterized in that there is provided 
communication ports at the honeycomb structure, 
each communication port communicating with ceils 
defined by the honeycomb structure. 

According to one aspect of the present invention, 

40 such a photo-solidified object is fabricated by a photo- 
solidification modeling method in which an exposure 
process for forming the honeycomb structure is inter- 
rupted by a process of temporarily eliminating light ex- 
posure. According to another aspect of the invention, 

45 a process of offsetting phases between sequentially 
stacked layers of the honeycomb structure-is added 
to the exposure process for forming the honeycomb 
structure. 

The photo-solidified object of the present inven- 
50 tion has communication ports formed for mutual com- 
munication among cells, permitting flow of unsolidi- 
fied liquid among the cells and thereby ready ejection 
of the unsolidified liquid from the cells. 

According to the photo-solidification modeling 
55 method of the invention, the light exposure process 
for forming ribs of the honeycomb structure is inter- 
rupted by a process of eliminating light exposure to 
provide unsolidified portions in some of the ribs which 
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serve as communication ports for communicating 
with the cells. According to the photo-solidification 
modeling method of another aspect of the invention, 
during stacking of layers of ribs, their phases are off- 
set so as to create a clearance between the ribs which 5 
permits communication among the cells. 

The present invention will be more fully under- 
stood from the following detailed description and ap- 
pended claims when taken with the accompanied 
drawings. 10 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an example of a honeycomb struc- 
ture according to a first embodiment of the pres- 1 5 
ent invention; 

FIG. 2 shows an example of a solidified object ac- 
cording to the first embodiment; 
FIG. 3 is a flow chart of a modeling procedure ac- 
cording to the first embodiment; 20 
FIG. 4 shows a system construction of a photo- 
solidification modeling system according to the 
first embodiment; 

FIG. 5 shows another example of the honeycomb 
structure according to the first embodiment; 25 
FIG. 6 shows an example of the honeycomb 
structure according to a second embodiment of 
the present invention; 

FIG. 7 shows another example of the honeycomb 
structure according to the second embodiment; 30 
FIG. 8 are plan views of the honeycomb struc- 
tures in FIGS. 1,6 and 7; 
FIG. 9 shows an example of the honeycomb 
structure according to a third embodiment of the 
present invention; 35 
FIG. 10 is a detailed view of the honeycomb 
structure in FIG. 9; and 

FIG. 11 shows an example of the honeycomb 
structure in accordance with a fourth embodi- 
ment of the present invention. *o 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now, several embodiments of the present inven- 45 
tion will be described. 

First Embodiment (honeycomb structure of the type 
in which some of ribs are eliminated) 

50 

In this embodiment, some of ribs constructing an 
inner honeycomb structure are not formed, or light ex- 
posure of some of ribs is eliminated. FIG. 2 shows an 
example of a photo-solidified object M which has a 
three-dimensional shape positioned in a three- 55 
dimensional space defined by X, Y and Z axes having 
an outer surface shown by a closed curved surface 
S and a honeycomb structure formed in a space en- 
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closed by the outer surface. In the drawing, YR des- 
ignates a region in which the honeycomb structure is 
composed of ribs extending only in the Y direction, XR 
a region in which the honeycomb structure is com- 
posed of ribs extending only in the X direction, and 
XYR a region in which the honeycomb structure is 
composed of ribs extending in the X and Y directions. 

FIG. 1 shows a part of the honeycomb structure 
in an enlarged scale, and the similar structure ex- 
tends in the X, Y and Z directions. Though the regions 
XYR, YR and XR are shown separately for better un- 
derstanding, it should be noted that they are actually 
continuous. 

In the region XYR, ribs HX extending in the X di- 
rection and ribs HY extending in the Y direction are 
formed to fabricate a lattice honeycomb structure. In 
the region YR, the ribs HX in the X direction are elim- 
inated and only the ribs HY in the Y direction are 
formed, while in the region XR, the ribs HY in the Y 
direction are eliminated and only the ribs HX in the X 
direction are formed. 

In the region XYR, the ribs HX and HY arranged 
in a lattice define a plurality of cells C1, C2 each 
of the cells being separated from one another. In the 
region YR, however, as the ribs HX in the X direction 
are eliminated, the cells C1, C3 and C5 are commu- 
nicated with one another, and similarly the cells C2, 
C4 and C6 are communicated with one another. More 
specifically, the cells C1 and C3 are communicated 
with each other through a communication port WA, 
and the cells C2 and C4 are communicated with each 
other through a communication port WB. Similar 
communication ports are provided between the cells 
C3 and C5 and between the cells C4 and C6. 

In the region XR, as the ribs HY in the Y direction 
are eliminated, the cell group composed of C1, C3 
and C5 communicating with one another in the region 
YR communicates with the other cell group com- 
posed of C2. C4 and C6 communicating with one an- 
other in the region YR. Specifically, the cell group C1 , 
C3 and C5 communicates with the other cell group 
C2, C4 and C6 through communication ports WC. 
Consequently, all of the cells C1, C2 ... C6 communi- 
cate with one another through the communication 
ports WA, WB, WC and others. 

Also in the upper XYR region, the ribs HX and HY 
are formed in a lattice, defining cells C7 to C12. Com- 
munication between the cells C7 and C8, between 
the cells C9 and C10 and between the cells C11 and 
C12 is assured by the corresponding communication 
ports WC in the region XR, and further, the cell group 
C7 and C8 communicates with the cell group C9 and 
C10 through the communication ports WA and WB in 
the region YR. Thus, all of the cells C1 to C12 com- 
municate with one another. 

The communication ports WA, WB, WC and oth- 
ers are designed to have a dimension of more than 1 
mm at the shortest side thereof so as to assure suf- 
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ficientfluidability. 

Referring now to FIGS. 2 and 3, the modeling 
method will be described. 

At first, an operator, viewing a monitor screen of 
a photo-solidification modeling system, sets and in- 5 
puts a height P1 of the XYR region, a height P2 of the 
YR region, a height P3 of the XR region, and others. 
In this example, as shown in FIG. 2, the regions XR 
and YR are provided in the maximum section of the 
model. The regions XR and YR are also provided in w 
the upper and lower end portions of the model. Thus 
designed, all of the cells can communicate with one 
another, so that provision of respective exits at the 
upper and lower end portions of the object permits 
ejection of unsolidif ied liquid from all of the cells. is 

FIG. 4 shows a system construction of the photo- 
solidification modeling system, in which a photo-soli- 
difying resin 8 in the unsolidified state is stored in a 
container 10. An elevator 14 is disposed vertically 
movably in the container 10. The elevator 14 is actu- 20 
ated by an elevator driver 16 for vertical movement. 
A laser 2 is disposed adjacent to t he container 1 0, and 
a laser beam scanner 4 is positioned so as to expose 
to a laser beam a desired portion of the liquid surface 
in the container 1 0. The laser beam scanner 4 may be 25 
a galvanomirror or it may be composed of an optical 
fiber which can be scanned by an XY plotter. A shut- 
ter/filter 6 is disposed between the laser beam scan- 
ner 4 and the liquid surface so as to adjust the 
strength of the laser beam including zero level. The 30 
laser 2, the laser beam scanner 4, the shutter/filter 6 
and the elevator driver 16 are controlled by a control- 
ler 20. The controller 20 is a computer in which data 
is entered from a keyboard 22. A monitor screen 18 is 
provided to provide the operator with necessary infor- 35 
mation. Further, the controller 20 is connectable with 
a three-dimensional CAD system, a three- 
dimensional measuring instrument or the like so as to 
receive three-dimensional shape data 24. As the ele- 
vator 14 is lowered, exposure by the laser 2 is repeat- 40 
ed to fabricate a three-dimensional photo-solidified 
object 12. 

FIG. 3 shows a flow chart of the modeling proc- 
ess for the object M. At first, in Step 2, a three- 
dimensional shape data is entered in the controller 45 
20. In Step S4, the three-dimensional shape data en- 
tered in Step S2 is sliced at a pitch P4 to obtain a sec- 
tion whose contour data is extracted. In Step S4, the 
lowermost section is first taken. P4 is normally deter- 
mined less than 0.1 mm, which is quite smaller than so 
P1, P2 and P3 in FIG. 2. In other words, the ribs HY 
and HX in the regions YR and XR in FIG. 1 are formed 
of stacked layers of a thickness corresponding to the 
pitch P4. 

In Step S6 of FIG. 3, the controller 20 designates 55 
whether the section taken in Step S4 belongs to the 
YR region or not. If yes, the inside portion of the con- 
tour corresponding to the section is exposed to light 



at a pitch X1 in the Y direction in Step S8. This results 
in formation of the ribs HY in the Y direction as shown 
in the region YR in FIG. 1 . At this time, light exposure 
for forming ribs in the X direction is eliminated. 

If the controller 20 discriminates as "no" in Step 
S6ofFIG. 3, it then discriminates whether the section 
belongs to the XR region or not. If yes, the inside por- 
tion of the contour corresponding to the section is ex- 
posed to light at a pitch Y1 in the X direction in Step 
S12. This results in formation of the ribs HX in the X 
direction as shown in the region XR in FIG. 1. At this 
time, light exposure for forming ribs in the Y direction 
is eliminated. 

If the controller 20 discriminates as "no" in both 
Steps S6 and S10, the section belongs to the XYR re- 
gion, and the inside portion of the contour corre- 
sponding to the section is exposed to light at the pitch 
X1 in the Y direction and at the pitch Y1 in the X di- 
rection in Step S14. This results in formation of both 
of the ribs HX in the X direction and the ribs HY in the 
Y direction. When either one of the Steps S8, S1 2 and 
S14 is executed and formation of the ribs forthe sec- 
tion is completed, control returns to Step S4 and the 
above procedure is repeated for a next section. Thus, 
the procedure is sequentially repeated for the whole 
sections. 

In this way, the superficial model reinforced by 
the honeycomb structure having Y direction commu- 
nication ports in the region YR and X direction com- 
munication ports in the region XR is fabricated. 

FIG. 5 shows an example of the honeycomb 
structure further having ribs HZ formed at a space in 
the Z direction in addition to the honeycomb structure 
in FIG. 1 . If all of the ribs HX, HY and HZ were formed 
with no elimination, each of the cells would be cubic 
and separated from one another. In the example, 
however, the honeycomb structure is fabricated by 
sequentially stacking the XYR region, YR region, XR 
region and then XYR region at a pitch Z1 of the Z di- 
rection, and the ribs HZ being disposed in an alter- 
nate lattice pattern in the X-Y plane. This construction 
causes all of the cells to communicate with one an- 
other, permitting flow of unsolidified liquid in the su- 
perficial model. Thus, even in the honeycomb struc- 
ture in a cubic lattice composed of the ribs HX, HY and 
HZ, communication among the cells can be assured 
by leaving some of the ribs unsolidified. Such a su- 
perficial honeycomb model can be fabricated by tem- 
porarily eliminating light exposure in the light expos- 
ure process for forming the ribs. 

Second Embodiment (honeycomb structure of the 
type in which phases of ribs are offset) 

FIG. 6 shows a honeycomb structure according 
to the second embodiment. In this structure, the X di- 
rection ribs HXb in a region II is offset by 1/2 pitch from 
the X direction ribs HXa in a region I. Also in regions 
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II and III, the Y direction ribs HYa and HYb are offset 
from each other by 1/2 pitch. Further in regions III and 
IV, the Y direction ribs HYb and HYc are offset from 
each other by 1/2 pitch. Thus, this embodiment is 
characterized in that the pitch of the ribs is offset be- 
tween adjacent regions. Though the quantity of offset 
is determined to be 1/2 pitch (i.e. Y2 = 2 x Y3, X2 = 2 
x X3), it may be 1/3 pitch or 1/4 pitch. It should be not- 
ed that the ribs, in this embodiment, are offset either 
in the X direction or in the Y direction between adja- 
cent regions, so that the ribs in the direction in which 
the ribs are not offset are vertically continuous. For 
example, the ribs 30a and 30b are continuous, and 
the ribs 32a and 32b are continuous, and similarly the 
ribs 34a and 34b are continuous, resulting in firm con- 
nection of the ribs in adjacent regions and conse- 
quently provision of a strong inner honeycomb struc- 
ture. 

With the phases offset in this way, the cells can 
communicate with one another in the X, Y and Z di- 
rections. FIG. 6(A) is a view of the honeycomb struc- 
ture having the regions I, II, III and IV sequentially 
stacked in layers as seen in the Y direction, and it will 
be understood that there is communication in the X 
direction through communication ports W. FIG. 6(B) 
is a view of the same as seen in the X direction, and 
it is also understood that there is communication in 
the Y direction through the communication ports W. 

FIG. 7 shows another example of the second em- 
bodiment, in which the phases of the ribs are respec- 
tively offset by Y4, X4, -Y4 and -X4 in the sequential 
regions, so that the honeycomb structure of the re- 
gion V may be of the same pattern as that of the re- 
gion IX. In this example, the common pattern of the 
regions V and IX is preferably used in the XYR region 
in FIG. 2. Such an arrangement in which three phase- 
offset regions are provided between the two regions 
V and IX of the basic pattern permits usage of a com- 
mon basic pattern and consequently remarkable sim- 
plification of software for offsetting the phases. 

FIG. 8 includes plan views of the ribs of the hon- 
eycomb structures in FIGS. 1, 6 and 7, showing that, 
in every case, the cells communicate with one an- 
other in both of the X and Y directions. In the drawing, 
respective marks o, A and X show vertically continu- 
ous ribs. As shown in FIG. 8 (6), offsetting of the phas- 
es by 1/2 pitch in one of the X and Y directions be- 
tween adjacent regions provides a strong honeycomb 
structure. FIG. 8(8) shows an example in which the 
phases are offset in both of X and Y directions in each 
of the regions. It is apparent that, in this example, the 
cells can also communicate with one another in both 
of the X and Y directions. In this case, however, as the 
upper and lower ribs are point-connected, this struc- 
ture is applicable to a model which requires a relative- 
ly low strength. 
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Third Embodiment (the honeycomb structure of the 
type in which each rib is split in the plane thereof) 

This embodiment is of the type in which each of 

5 the ribs constructing the honeycomb structure is split 
in the plane thereof. In the first and second embodi- 
ments, ribs H are spaced at a certain pitch, but ttrey 
extend uniformly in the planes thereof and are 
spaced from one another in the direction perpendic- 

10 ular to the corresponding planes. On the contrary, 
the third embodiment is characterized in that each rib 
H is split in the plane thereof. 

FIGS. 9 and 10 show an example of such a hon- 
eycomb structure, and as shown clearly in FIG. 10, 

is the rib HX extending in a plane perpendicular to the 
X axis is split into rib sections HX1 and HX2 with a 
space PX left therebetween. Similarly, the rib HY per- 
pendicular to the Y axis and the rib HZ perpendicular 
to the Z axis are split in the respective planes at a 

20 space. A honeycomb structure fabricated by these 
ribs is schematically shown in FIG. 9, which has com- 
munication ports W formed in each surface of the cu- 
bic lattice. It will be more clearly understood when re- 
ferring to the rib sections HZ1, HZ2, HZ3 and HZ4 

25 perpendicular to the Z axis in FIG. 1 0. The rib sections 
HZ1 and HZ2 are separated in a plane perpendicular 
to the Z axis at a space PZ2. The rib sections HZ3 and 
HZ4 are separated at a space PZ1. Therefore, a com- 
municating port W of PZ1 x PZ2 is formed in the plane 

30 perpendicular to the Z axis. 

This construction provides a honeycomb struc- 
ture of a cubic lattice having a remarkable strength 
and large communication ports in the X, Y and Z di- 
rections which assure more ready flow of unsolidif ied 

35 liquid in the superficial model. 

Fourth Embodiment (honeycomb structure of the 
type in which through holes are formed in the ribs) 

40 This embodiment uses through holes formed in 
the ribs, in place of elimination of any ribs as descri- 
bed in the first embodiment. FIG. 11 shows an exam- 
ple in which through holes W are formed in the vicinity 
of all corners of respective ribs HX, HY and HZ. 

45 Though three through holes are formed in each of the 
corners in FIG. 11, the least number of through holes 
each cell requires is two. 

This construction assures communication among 
the cells through the through holes, permitting ready 

50 ejection of unsolidified liquid from the superficial 
model. The photo-solidified object according to the 
fourth embodiment is fabricated by a method in which 
the light exposure process for forming ribs is inter- 
rupted by a process of temporarily stopping light ex- 

55 posure. 

As described above, the photo-solidified object 
provides a superficial model reinforced by an inner 
honeycomb structure having communication ports 
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which permits communication among all cells of the 
honeycomb structure, so that unsolidified liquid can 
freely flow within the superficial model to be readily 
ejected from the model. 

Consequently, the amount of the resin used for 
modeling can be reduced, and when the superficial 
model Is used as a casting die, there will be no pos- 
sibility of adverse effect of the remainder of unsolidi- 
fied liquid. 

The modeling method of the invention is effective 
to provide a honeycomb structure having communica- 
tion ports formed for communication among the cells. 
Thus, a superficial model with an inner honeycomb 
structure having communication ports is fabricated in 
a shorter modeling time. 

While the invention has been described with ref- 
erence to preferred embodiments thereof, it is to be 
understood that modifications or variations may be 
easily made without departing from the scope of the 
present invention which is defined by the appended 
claims. 



6. A method of fabricating a photo-solidified object 
including an outer surface corresponding to a 
contour and a honeycomb structure supporting 
the outer surface from inside thereof, the outer 

5 surface and the honeycomb structure being inte- 

grally formed of a photo-solidifying resin charac- 
terized in that light exposure process for forming 
the honeycomb structure is interrupted by a proc- 
ess of temporarily eliminating light exposure. 

10 

7. A method of fabricating a photo-solidified object 
including an outer surface corresponding to a 
contour and a honeycomb structure supporting 
the outer surface from inside thereof, the outer 

15 surface and the honeycomb structure being inte- 
grally formed of a photo-solidifying resin charac- 
terized in that a process of offsetting phases be- 
tween sequentially stacked layers of the honey- 
comb structure is added to the exposure process 

20 for forming the honeycomb structure. 



Claims 

25 

1. A photo-solidified object having unsolidified liq- 
uid ejecting ports, the photo-solidified object in- 
cluding an outer surface corresponding to a con- 
tour and a honeycomb structure supporting the 
outer surface from inside thereof, the outer sur- 30 
face and the honeycomb structure being integral- 
ly formed of a photo-solidifying resin, character- 
ized in that there are provided communication 
ports at the honeycomb structure, each commu- 
nication port communicating with cells defined by 35 
the honeycomb structure. 

2. The photo-solidified object as defined in claim 1 , 
wherein the communication ports are formed by 
unsolidif ication of some of the ribs constructing 40 
the honeycomb structure. 

3. The photo-solidified object as defined in claim 1 , 
wherein the communication ports are formed by 
offsetting phases of the ribs constructing the 45 
honeycomb structure. 

4. The photo-solidified object as defined in claim 1 , 
wherein the communication ports are formed by 
splitting the ribs constructing the honeycomb so 
structure in corresponding planes including the 
respective ribs. 

5. The photo-solidified object as defined in claim 1 , 
wherein the communication ports are formed by 55 
through holes formed in the ribs constructing the 
honeycomb structure. 
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